Morphological Studies of a Canine Adenovirus
(Accepted 19 August I967) A strain of virus (A 26/61) isolated by Ditchfield, Macpherson & Zbitnew (I962) from dogs ill with infectious laryngotracheitis was shown to be a canine adenovirus serologically related to infectious canine hepatitis virus. Further studies (Yamamoto, 1966) showed this infectious laryngotracheitis virus to be similar to other adenoviruses with respect to its growth characteristics and its specificity for canine primary cells and a canine cell line.
The infectious canine laryngotracheitis virus was serially propagated several times in primary dog kidney cells and then passed serially in a continuous dog kidney cell line obtained from Dr R. C. Parker, Department of Microbiology, University of Toronto, Canada. For electron microscope studies, the virus was allowed to infect dog kidney cell line monolayer cells in Roux bottles for 72 to 96 hr and was harvested by repeated freezing and thawing. After ultrasonic treatment with a Bronwill Biosonik for 30 sec., the debris was sedimented by centrifugation and the virus supernatant further purified either by passage through a DEAE-ceUulose column (Yamamoto, I966) or by centrifugation in a CsC1 density gradient (initial density about t'34 g./ cm)). The virus suspension was either dialysed and negatively stained with 3% neutralized phosphotungstic acid pH 6.8 by the lowered drop method described by Pinteric & Taylor (I962) or dialysed first against o.oi M-tris+ HC1 buffer pH 7.2 and then negatively stained according to the method of Brenner & Home (1959) . Shadowed preparations of the virus were made by first placing the virus on Formvar film as in the lowered-drop method or by direct spraying on the film, and then evaporating palladium wire wound around a tungsten filament.
The enzyme solutions used to treat the virus were as follows: o.I mg./ml, ribonuclease, o-I mg./ml, deoxyribonuclease containing o.02 M-MgSO4, o'I mg./ml, pepsin, 0"25 % trypsin, or a combination of these enzymes. The time of enzyme treatment was I to 4 hr. Methods for degrading the purified virus into capsomeres also included treatment with 8 M-urea at 4 ° for 8 hr or treatment with 0"5 % sodium lauryl sulphate for I hr at room temperature. Uranyl acetate (0"25 %) was used as a positive stain for DNA (Smith & Melnick, I962).
The virus had a characteristic polyhedral appearance after shadowing, and a regular surface structure was visible (P1. 1, fig. I ). Plate I, fig. 2 , illustrates the appearance of the capsid negatively stained with phosphotungstate when viewed in the direction of an axis of twofold symmetry. Six capsomeres can be counted along each edge of the triangle composing the icosahedron. This number of capsomeres along an edge would then give a total of 252 capsomeres for the complete virus particle (Horne& Wildy, i961). Plate I, fig. 3 , illustrates a negatively stained virus particle, viewed in the approximate direction of an axis of threefold symmetry; both the upper and lower surfaces appear to be negatively stained. These photographs indicate that infectious canine laryngotracheitis virus has a structure similar to that of infectious canine hepatitis Bocciarelli, 1963) and porcine (Chandler, 1965) adenovirus; that is, the capsid is in the form of an icosahedron with 252 eapsomeres.
Trypsin had very little effect on the virus particle but treatment with pepsin for 4 hr destroyed it. Neither RNase nor DNase treatment alone was found to affect the morphological appearance of the particle. However, a combination of pepsin and DNase rapidly disrupted the virus particle (P1. I, fig. 4 )-The capsid was partially destroyed and appeared to have depressions in the centre indicating digestion of the DNA.
When the virus was treated with uranyl acetate the centre was positively stained (P1. 1, fig. 5 ). This suggests that the virus contains DNA, since Smith & Melnick (1962) found that uranyl acetate stained DNA but not RNA-containing viruses. The outer surface of the capsid is delineated because the uranyl acetate produces a negativestaining effect around the virus particle. This deposition of the uranyl acetate around the particle also shows the icosahedral structure of the virus.
Prolonged storage of purified infectious canine laryngotracheitis virus resulted in a gradual alteration in the integrity of the particles so that in negatively stained preparations the capsomere aggregates of each particle could be visualized (P1. I, fig. 6 ; Pl. 2, fig. 7) .
Certain human adenoviruses have been observed to contain fine fibres at the apices of the icosahedral capsid (Valentine & Pereira, 1965; Norrby, 1966) . The infectious canine laryngotracheitis virus shows these long fibres, the ends of which appear slightly enlarged (P1. 2, fig. 8 ). The fibres are approximately 35o A long. They are longer than those of human adenovirus type 5 reported by Valentine & Pereira (I965). In contrast Norrby (1966) found the fibres of human adenovirus type 3 to be 8o to 1IO .~ long. This difference in values indicates that adenoviruses have different fibre lengths depending on the particular strain. A higher magnication of an isolated penton with its fibre is illustrated in P1. 2, fig. 9 .
The diameter of the adenovirus, not including the fibres, measured 8oo A (P1. 2, fig. Io ). Latex particles 88o ~ in diameter were used for comparing size. These results indicate that the infectious canine laryngotracheitis virus is a typical adenovirus similar to those isolated from other species of animals. 
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